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(57) ABSTRACT

The invention relates to an electric machine supplied with
air for cooling purposes. The air is heated during operation
of the electric machine and is removed in the form of
exhaust air. The electric machine is equipped with a fan
wheel (70) which is coupled to a rotor of the electric
machine. To improve and to simplify the operation of the
electric machine, the fan wheel (70) is designed as a precise
steel part with a sensor device (71) for detecting a rotational
speed of the fan wheel (50; 70) and thereby detecting a
rotational speed of the rotor.

7 Claims, 4 Drawing Sheets
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1
ELECTRIC MACHINE

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 USC 119 to
German Patent Appl. No. 10 2012 112 892.8 filed on Dec.
21, 2012, the entire disclosure of which is incorporated
herein by reference.

BACKGROUND

1. Field of the Invention

The invention relates to an electric machine that is sup-
plied with air for cooling purposes. The air is heated during
operation of the electric machine and is removed in the form
of exhaust air. The electric machine has a fan wheel coupled
to a rotor of the electric machine. The invention also relates
to a motor vehicle with such an electric machine and to a
method for operating an electric machine.

2. Description of the Related Art

U.S. Pat. No. 7,362,016 discloses an electric motor with
a cooling means and suitable sensors. US Patent Application
Pub. No. US 2007/0046111 Al discloses an electric motor
with a ventilation device. German laid-open application DE
31 09 621 Al discloses a multi-phase A.C. motor with a
rotational speed sensor consisting of a disk-shaped trans-
mitter and a receiver. The disk-shaped transmitter is fastened
to the hub.

It is the object of the invention to improve and/or to
simplify the operation of an electric machine that is supplied
with air for cooling purposes, where the air that is heated
during operation of the electric machine and is removed in
the form of exhaust air, and that has a fan wheel coupled to
a rotor of the electric machine.

SUMMARY OF THE INVENTION

The object is achieved by an electric machine that is
supplied with air for cooling purposes. The air is heated
during operation of the electric machine and is removed in
the form of exhaust air. The electric machine is equipped
with a fan wheel that is coupled to a rotor of the electric
machine. The fan wheel is designed as a precise metal part,
in particular steel part. This design of the fan wheel affords
the advantage that the fan wheel can be used for detecting
the rotational speed of the electric machine.

The electric machine preferably has a sensor device for
detecting a rotational speed of the rotor. Thus, the fan wheel
accomplishes two objectives, namely cooling the electric
machine and detecting the rotational speed of the rotor.

The sensor device of the electric machine preferably has
a sensor arranged radially outside the fan wheel. The sensor
advantageously is an inductive sensor.

Air-guiding elements of the fan wheel preferably consti-
tute signal transmitters of the sensor device. Thus, no
additional elements are required for producing the signal
transmitters.

The fan wheel preferably has two supporting rings con-
nected integrally to each other by air-guiding elements, such
as air-guiding vanes.

The supporting rings preferably have identical inside
diameters and/or identical outside diameters. Thus, the pro-
duction of the fan wheel is simplified.

One of the supporting rings may have through holes for
receiving fastening elements to couple the fan wheel to the
rotor. The fastening elements may be screws and the through
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holes may be bores that are accessible during installation of
the fan wheel. The fastening elements may be screwed into
blind threaded holes in the rotor.

The invention also relates to a motor vehicle with the
above-described electric machine. The motor vehicle is, for
example, an electric vehicle or a hybrid vehicle. The electric
machine here serves entirely or partially for driving the
motor vehicle.

The invention further relates to a method for operating an
electric machine of this type. The fan wheel advantageously
functions for cooling and interacts with an inductive sensor
for detecting the rotational speed of the rotor of the electric
machine.

Further features of the invention emerge from the descrip-
tion below, in which various exemplary embodiments are
described in detail with reference to the drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified perspective illustration of a motor
vehicle with an electric machine that is supplied with air for
cooling purposes.

FIG. 2 is an enlarged rotated illustration of the electric
machine from FIG. 1.

FIG. 3 is a perspective sectional illustration of the electric
machine of FIG. 2.

FIGS. 4 to 6 show similar illustrations of the electric
machine from FIG. 2 with different air supply devices.

FIG. 7 is a simplified illustration of a fan wheel of the
electric machine according to the invention with a sensor
device.

FIG. 8 shows a perspective illustration of the fan wheel
from FIG. 7.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 perspectively illustrates a cooling device 1 for
cooling an electric machine 5 with cooling air. The cooling
air is supplied to the electric machine 5 via an air inlet 6. The
cooling air is heated during operation of the electric machine
5 and the heated cooling air emerges from the electric
machine at an air outlet 8.

The electric machine 5 advantageously is equipped with
a rotating fan wheel, with the aid of which the cooling air
can be sucked via the air inlet 6. An arrow 11 indicates a
direction of travel of a motor vehicle 22 equipped with the
cooling device 1. Relative wind supplied to the air inlet 6 in
the form of an air flow 15 is indicated by a further arrow 12.

The air flow 15 passes through an air inlet opening 18 in
or on a bodywork part 20 of the motor vehicle 22 and into
an air box 24. From the air box 24, the air flow passes via
a clean air shell 25 and a cooling-air connection 26 to the air
inlet 8 of the electric machine 5.

A fan wheel of the electric machine 5 constitutes an active
flow element and can be used as an alternative or in addition
to the relative wind 12 for producing the cooling of the air.
The relative wind 12 results in the production at the air inlet
opening 18 of a positive pressure or dynamic pressure, the
influence of which is transmitted to the air box 24 and to the
clean air shell 25.

The cooling-air connection 26 advantageously is formed
from an elastomer to decouple drive train vibrations and
relative movements from the bodywork of the motor vehicle
22. As an alternative, the cooling-air connection 26 can
comprise piping, for example made of an elastomer/fabric
compound, or a corrugated or flexible pipe.



US 9,461,524 B2

3

As shown in FIGS. 2 and 3, the electric machine 5
comprises a housing 40 with the air inlet 6 and the air outlet
8. A stator 41 and a rotor 42 are arranged in the housing 40.
The rotor 42 is arranged radially outside the stator 41. A
torsional vibration damper 44 and a disengaging device 45
are arranged radially within the stator 41. The disengaging
device 45 actuates a separating coupling 46 that is integrated
into the housing 40 of the electric machine 5.

The cooling device 1 of the electric machine 5 comprises
a water-cooling means 48 which comprises, for example, a
water jacket arranged radially within the stator 41. The
air-cooling means comprises a fan wheel 50, which, in the
exemplary embodiment illustrated, is connected to the rotor
42 of the electric machine 5 for conjoint rotation.

FIGS. 4 to 6 illustrate how relative wind 12 can be
supplied to the housing 40 of the electric machine 5 with the
aid of various air supply devices 61, 62, 63. The arrow 11
here, as in the exemplary embodiment illustrated in FIG. 1,
in each case represents the direction of travel. The arrow 12
symbolizes the relative wind. The air supply devices 61 to 63
are connected to the air inlet 6 on the electric machine 5 via
flexible or rigid air-connecting lines 65.

The air supply device 61 illustrated in FIG. 4 constitutes
a type of funnel that is open toward the relative wind 12. The
air supply device 61 is integrated, for example, into the
bodywork of a motor vehicle equipped with the electric
machine 5.

The air supply device 62 of FIG. 5 is designed as a spoiler,
by means of which the relative wind 12 is deflected by
approximately 90 degrees. The air supply device 62 likewise
advantageously is integrated into the bodywork of the motor
vehicle.

The air supply device 63 illustrated in FIG. 6 is substan-
tially a funnel and is integrated into the housing 40 of the
electric machine 5. The air supply device 63 advantageously
can be pivotable. This affords the advantage that the air
supply device 63 can be adapted rapidly and simply to
different mounting positions.

If there is a difference in speed between the motor vehicle
and the surrounding air, the air flow, indicated by the arrow
12, approaching the vehicle is produced by the relative wind.
A significant contribution to the mass flow of cooling air can
be achieved by using the approaching air flow. This effect
can be used separately or in addition to further active flow
elements.

FIG. 7 illustrates a fan wheel 70 of the above-described
electric machine by itself in detail. According to an essential
aspect of the invention, the fan wheel 70 is assigned a sensor
device 71. The sensor device 71 comprises an inductive
sensor 72.

Air-guiding elements 74 of the fan wheel 70 constitute
signal transmitters of the sensor device 71. The sensor
device 71 is connected to a motor control system 75 via a
control line 73. The inductive sensor 72 is arranged radially
outside the fan wheel 70.

The fan wheel 70 with the air-guiding elements 74 is
formed from steel and, particularly advantageously, permits
detection of the rotational speed of the electric machine.

FIG. 8 illustrates the fan wheel 70 perspectively. The fan
wheel 70 comprises two supporting rings 76, 77 that are
connected integrally to each other by the air-guiding ele-
ments 74. The supporting rings 76, 77 have essentially
identical inside diameters and identical outside diameters.
Through holes 78 permitting fastening of the fan wheel 70
to the rotor of the electric machine are made in the support-
ing ring 77.
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What is claimed is:

1. An electric machine supplied with air for cooling, the
air being heated during operation of the electric machine and
being removed as exhaust air, comprising:

a rotor;

a fan wheel coupled to the rotor, the fan wheel being a
precise metal part and having first and second support-
ing rings connected to one another, one of the first and
second supporting rings having through holes for pas-
sage of fastening elements, with which the fan wheel is
coupleable to the rotor, and circumferentially spaced air
guiding elements formed from steel and extending
between the first and second supporting rings and the
air guiding elements being configured for transmitting
cooling air to the electric machine; and

an inductive sensor device opposed to the air guiding
elements and configured for receiving signals transmit-
ted from the air-guiding elements to determine the
rotational speed of the electric machine.

2. The electric machine of claim 1, wherein the sensor

device has a sensor arranged radially outside the fan wheel.

3. A motor vehicle with the electric machine of claim 1.

4. The electric machine of claim 1, wherein the fan wheel
is a steel part.

5. An electric machine supplied with air for cooling, the
air being heated during operation of the electric machine and
being removed as exhaust air, comprising:

a rotor;

a fan wheel coupled to the rotor, the fan wheel being a
precise metal part and having first and second support-
ing rings connected to one another, the first and second
supporting rings having identical inside diameters and/
or identical outside diameters, and circumferentially
spaced air guiding elements formed from steel and
extending between the first and second supporting rings
and the air guiding elements being configured for
transmitting cooling air to the electric machine; and

an inductive sensor device opposed to the air guiding
elements and configured for receiving signals transmit-
ted from the air-guiding elements to determine the
rotational speed of the electric machine.

6. The electric machine of claim 5, wherein one of the first
and second supporting rings has through holes for the
passage of fastening elements, with which the fan wheel is
coupleable to the rotor.

7. A motor vehicle having an electric machine supplied
with air for cooling, the air being heated during operation of
the electric machine and being removed as exhaust air, the
motor vehicle comprising:

an exterior vehicle surface;

an electric machine housing having an air inlet and an air
outlet;

a rotor disposed in the electric machine housing;

a fan wheel defining a precise metal part having first and
second supporting rings connected to one another, one
of the first and second supporting rings having through
holes for passage of fastening elements that couple the
fan wheel to the rotor, and air guiding elements formed
between the first and second supporting rings and
configured for transmitting cooling air to the electric
machine;

a sensor device configured for receiving signals transmit-
ted from the air-guiding elements to determine the
rotational speed of the electric machine; and

an air inlet opening formed on the exterior vehicle surface
and open towards a direction of travel of the motor
vehicle, the air inlet opening communication with the
air inlet of the electric machine housing to convey air
for cooling to the electric machine.
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